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INTRODUCTION 


The Pennsylvania anthracite-mining region is the only one in the 
world of major magnitude. As the deposits cf anthracite in the United 
States are limited virtually to Fennsylvania, the difficulties of this 
industry have been commonly considered a State rather than a national 
problem. FEowever, there is also naticnal interest in the conservation 
and wise utilization of all fuel resources and in the control of interstate 
waterwayse 


The anthracite industry is confronted with the very serious problem 
of accumulation of water in many of the mines. This problem must be solved 
soon if progressively hizher mining costs are to be avoided. 


The water problem cannot be solved by the operating companies without 
State or Federal aid, or toth, owing to the magnitude of the work required, 
diversity of interests of the coal and surface ownerships, hazard to the 
whole mining community, and interests affected outside the mining region. 
The cost of abating the ever-increasing surface seepage to mine workings 
and of handling this seepage once it has occurred is beyond the economic 
resources or most operating managements. 


The data in this pener. giving tne high lights of the water problem 
and indicating what appears to be a step in the right direction are based 
upon observations made during the past year that the industry desires and 
vdelieves it is to the "public interest® to keep mine workings free of 
flood and surface waters. 
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1/ The Bureav. of Mines will welcome reprinting of this paper, provided the 
following footnote acknowledgment is used; “Reprinted from Bureau of 
Mines Information Circular 7175.® 

Presented at the Fall Meeting of the Anthracite Section of the A. 1.MOE., 
Wilkes-Barre, Pa., October 25, 1910. 
2/ District engineer, safety Division, Bureau of Mines, Wilkes-Barre, Pae 
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STATUS OF INDUSTRY 


About 95 percent of the anthracite (including semianthracite) in the 
United States occurs in eastern Pennsylvania. The anthracite region is 
compact, covering about 6 square miles and straddling two drainage basins — 
the Susquhenna and the Delaware (see fig. 1) 


Anthracite is minly a high-grade domestic fuel. The fundamental 
factors underlying the industry - the character of anthracite and its geo- 
graphic location mar thickly populated industrial centers requiring both 
heat and power -— remain favorable only ifthe industry can be helped to 
meet the ever-growing competitive situation. 


An advanced stage of depletions/ also has been reached, at least — 
one-fourth of the anthracite reserves having been consumed or lost. Mining 
is usually difficult, and wasteis great. Illegal (Tpootlegt) production 
is peculiar to the anthracite industry and is introducing a serious water 
problem through destruction of barrier pillars and roobing of outcropse 
In recent years the total output of anthracite ras bean about 50 million 


tons annually, which is only half as much as it was in the peak years during 
the World War. | 


THE PROBLEM 


In solving the water problem the industry does not seek assistance 
in handling conditions resulting from present operations, but rather in 
oping with the flooding of properties close to abandoned operations. 
This encroachment of water, resulting in progressive flooding of mines, 
is threatening to destroy anthracite reserves and is mving serious effects 
on the economy of the anthracite region. 


Past mine practices have al lowed surface water to enter present and 
abandoned mine workings and to accumlate in mines now in operation, where 
it has to be pumped to the surface or drained through lower level tunnels. 
Active minesare thus burdened with infiltration of water from abandoned 
mines in addition to the water normlly found in mines. As more mines are 
abvandoned, for whatever cause, the problem becomes cumulatively more 
serious with regard to both economics and safety. 


Lake Wallenpaupack, the largest artificial body of water in 
Pennsylvania, contains 71 billion. gallons of water in its 24 square miles 
of area and is enormous when compared wita Conneaut Lake, Crawford County, 
the largest natural body of water in the State. The magnitude of the 
pumping problem in the anthracite region is realized when it is known 
that during 1939 four large coal companie: “n Lecikawanna and Luzerne 
Counties, comprising the Northern field, ;.7ped 73,''33,888,320 gallons 
through he:.as rer cing from 300 to 1,200 #565. (OF 7-1/ © billion gallons 
more than is contained in Lake Vallenpaupacte 


- a ene LL OS 
National Resources Committee, Energy sesources and National Policy: 
U.S. Government Printing Office, Wasningtcn, D.C, 1979, p. 119. 
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In 195 937 it was estimated that 33 tons of water was pumped for 
each ton of anthracite produced. The emount of water pumped at a group 
of (3 identical enthracite collieries increased from 19.5 tons a ton of 
coal in 1927 to 21-8 in 1931 and 29.3 in 1935. 


When pumpinzg is done in the region, the cost per million gallons per 
foot vertical ranzes from 5 to 10 cents, averaging about & cents. The 
cost of pumping ranges from 14 to 20 cents a ton of coal,. averaging about 
16 cents for the total tonmege of the region. The annual cost of pumping 
in the anthracite region is acout $8,000,090, | | 


It is realized that the pumping of large amounts of water is required 
asa result of normal mine operations and that certain amounts mist be 
pumped and serve useful purnoses in connection with coal preparation, Bf 
sewese, drinking supply, and other functions. The acidity of mine’ wate 
could be relieved by solving the mine—water problem. 


- According to available intormation, 42 companies reported having 
Zhe, OOO gellons a re of installed pumpirg capacity in 1920. In 1930, 
36 companies reporte Lea, COO gallons a minute cf installed capacity, 
and although the number of companies pumping was fewer ty 6, the pumping 
load had increased 43 percent in 10 years. In the Northem field, Lackawanna 


Ashnead, D. C., water Pumped from the Mines of the Anthracite Region of 
Northeastern Pennsylvania: Trans. am. Geophys. Union, 18th Ann. Meeting, 
1927, PD. lig g504.. 7 

5/ Leitch, R. D., Stream Pollution by acia Mine Drainage: Bureau of Mines 

Rept. of Investigetions €725, 1926, 7 pp. 

Leitch, R. D., Cbservations on Acid Mine Drainage in Western Pennsyl~ 
vania: Bureau of Mines Rept. of Investigations 2889, 1928, 18 pp. 
Leitch, R. D., and Yant, W. P., A Comparison of the Acidity of Waters 
from Some Active and Abandored Coal Mines: Bureau of Mines mes of 

Investigations 2395, 1928, § vp. 

Lei teh, Re De; Yant, W. P., and Ssyers, R. R., Effect of Sealing on 
Acidity of Mine Drainage: Bureau of Mines Rept. of Investigations 
2994, 1930, 11 PD. 

Leitch, R. D., The acidity of Bennett Branch of Sunnemahoning Creek, 
Pa.e, During Low Water: Bureau of Mines Rept. of Investigations 3097, 
1931, 6 pp. 

Leitch, R. D., General Review of the United States Bureau of Mines 
Stream-Pollution Investigation: Bureau of Mines Rept. of Investiga~. 
tions 3098, 1951, 7 pp. 
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tions 3102, 1931, 7 pp. 

Leitch, R. D., The Acidity of Several Pennsylvania Streams During Low 
Water: Bureau of Mines Rent. of Investigations 3119, 1931, 10 PPs 

Leitch, R. D., Acidity of Drainage from High«®yritic Coal Areas in 
pennsylvania: Bureau of Mines Rept. of Investigations 3146, 1932, 
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from Mines in the Thick Freeport Coal Bed, Pa.e: Bureau of Mines Rept. 
of Investigations 3193, 1932, 29 pp. 

6/Mangan, J. W., Water Problems in the Anthracite Region in Pennsylvania: 
District Engineers! Conference, eee Chea Department of Forest ts 
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County, alone three large companies representing 15 collieries had a rated 
pumping capacity of 278,05 gallons a minute in 1939 and mnumed more than 
58 billion gallons of water dur ing the vear. 


in segregating the nites into fields — Northern, Hastern Middle, 
Western Middle, and Scuthern -— it is observed that the Northern, Southern, 
and-Western Middle fielis have the most accte water sroblem as well as 
the bulk of the population. The Eastern Mijdle field does not have an 
acute problem owing to the fact that a levee errs: diture of capital in 
more prosperous dzys provided drainage tumels tnet indicate a way to 
solve difficulties in other sections. The Norther and Eastern Middle 
fields, which have the shortest life, have the greatest density of popu- 
lation. 

In the Northern field (figs. 2 and 3), comprising Lackawanna and 
Luzerne Counties, Lackawanna County. operations pz:esent the most acute 
situation in progressive deterioration. Ivzerne Vvounty conditions parallel 
those in Lackawanna but follow a stage or two belind. 


In Lackawanna County alone three large companies, representing 15 
collieries, expended about $2,300,000 in pets more than 58 billion 
gallons of water at the rate of 278,050 gaticns a minute during 1939-6 
In 1923 the volume of water pumped in compsirable pe ane was only 
81,458 gallons a minute. . 


. . The coal measures in this county are crossed by 70.6 miles of surface 
streams, These stream beds leak water underground in varying quantities 
at various locations. How much can be kept outside by preventive measures 
is the problem, | 


A similar problem in Luzerne County is emphasized further, as regards 
the future, by the fact that if the waters from the Lackawanna County 
collieries. are not held back or controlled they surely will present an 
insuperable task for the deeper workings in Luzerne County as operations 
in the upper field are abandoned. | | 


Mine water in the Eastern Middle field (fie. 4) is voided isteciy 
through the Jeddo tunnels. 


The Jeddo tunnelsL/ were begun in Febmary 1891 and someten in 
1894. Connecting and auxiliary tunnels have been constiucted at different 
times, the last being opened for use in 1335. The Jeddo tunnels have a 
capacity of more than 150,000 gallons a toate. On August 24, 1933, 
during a flood week, the Jeddo weir showc: 139,100 gallons a minute. An 
approximate power charge that would res.tt if water flowing through the 
Jeddo drainage tunnel was pumped against a head of 554 feet to the surface 
from a central pumping plant is indicated to be 20 cents a ton or 6 cents 
a million gallons a foot vertical. The average minimum daily flow ob- 
served in this tunnel during an average nonth is 11,030 gallons a minute, 
while the average maximum flow for a similar period is 22 0190 gallons a 
minute. | 


U Prideaux, J. H., Tne Jeddo Tunnel: Unpublished rept, January 15, 
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The Western Middle field is now concerned with a water problem in- 
volving flooded mines that has focused attention on drainage tunnels as 
a means of solution. "Bootleg mining" is prevalent in this region. Ten 
collieries in this field pump 23,503,143,000 gallons annually at a cost of 
$982,953. One company alone is pumping 13, 706, 000,000 gallons annually at 
a cost of $641,200 and faces an additional annual load of G billion gallons 
at an estimated cost of $118, 300, owing to recent adandonment of a large 


colliery. Pumping costs approximate 16 to 20 cents a ton of coal mined in 
the field. 


The importance of diverting surface water to eliminate pumping is. 
shown by conditions in mine-inspection district 5 in the Western Middle 
field (fig... The total rainfall in this field in 1935 was more than 92 
billion gallons. ‘The total water pumped was nearly 65-1/2 billion gallons 
(72.2 percent of the rainfall). The operating mines had a production of 
8,703,057 tons to carry a load of 31.81 tons of water a ton of coal produced. 
Of the 66,468,000,000 gallons of water pumped, 34,427,000 ,000 (51.8 rercent) 
was from idle mines and %2,041,000,000 (48.2 percent) from operating mines. 


An example of definitely reducing the infiltration of surface water 
into underlying and adjoining mine workings through the control of surface 
drainage by stream diversion follows: 


Before 1933 the Mahanoy Creck, between Mahonoy City and Girardville 
in the Western Middle coal field, was a meandering. stream that overflowed 
its channel during high-water periods, covering an extensive surface area, 
some of which was undermined; a large portion of the uncerlying. coal was 
unmined owing to the water~saturated strata overlying the coal beds. The 
stream channel also presented an chstacle to sanitary sewage conditions 
in the towns and villages adjoining the creek in this vicinity. During | 
1933 a Feceral Government project was initiated for realining, regrading, 
and rip-rapring the stream channel. The work was comoleted in 1937. An 
immediate decrease in the amount of water entering the underground mine 
workings was noted, as is evidenced by the pumping records at three Western 
Middle coal field collieries within the limits of the project. 


The average annual rainfall from 1927 to 1953, inclusive, was lig, 10 
inches, while the averaze annual rainfall from 1934 to 1937, inclusive, 
was 51. Wy inches. 


The average number of gallons of water pumped annually in 1927 to 1933, 
inclusive, was 4,278,000,000, while the average number of gallons of water 
pumped annually from 193 to 1937, inclusive, was 2,448 .000,000. 


Although the average rainfall increased 2.34 inches (4.77 percent), 


the average annual pumping load decreased. 1, 330,000,000 gallons (42.8 per- 
cent). 
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Owing to the steep pitches and depth of workings in the Southern field, 
pumping is a costly addition to other mining expenses. Nine collieries 
pump 14,254,085,000 gallons annually ata cost of $626,420. Pumping costs 
in this area average about 20 cents a ton of coal mined. About 20 tons of 
water must be pumped for each ton of coal produced in the Southern field. 
Breaking of pillars separating working mines from abandoned mines by "bootlez' 
coal miners has increased the proolem and now Berrousey menaces mining - 
operations. 


; Rainfall is quickly nétaceapie in the eee of this field. oe mine 
inspection district 7 of the Southern field (fig. 6) the rainfall in 2955 
‘was 92,083,000,000 gailoas. The total water pumped was 36, 274,000 ,000. 


gallons (39.4 percent of the rainfall). The operating mines had a. pro-<: 
duction of 3,236,575 tons. To recover this tonnage 46.68 tons of water: 
was*pumped for each ton of coal produced. Of the. 36,274,000,000 gallons | 
of: water pumped, 23,1244,000,000 gallons (63.8 percent) Was ‘pumped. from 
idie mines and 13, 150, 000; 000 gallons (36.2 percent): from opers ting mine 8. 


The largest reserves of anthracite lie in the Southern Field, which | 
' also has. the most dificult mining conditions. 


re POSSIBLE REMEDIES 
-In seeking remedies for the water problem the following factors must 
be considered: . Nature of. the remedies, effect of remedies, cost of cor- 
-rectives, value of benefits, and me thod s of financing. 
pr eeespae remedies ares: 


me Flunes aCross breaks in stream beds. 


(0) Side-hill ditches to ‘avoid crop falls and conduct water to the 
ohio beds. kath 


“(e) Divaraton of . streams to new and safe channels. | 
(a) silting stream beds to render them more impervious. 
-(e) Cleaning and widening out channels to provide freer flow. 


—(f£) Cont rol and cooperation by all concerned to conduct future 
mining operations with the object of controlling inflow. 


(gz) Check dams, reforestation, and developments such as are being 
= olsen ee by the United States Department of Agriculture. 


(nh) Flood control by reservoirs at Hee twabers and: dowmmstream dikes, 
which also might be ‘utilized in connection with sewage, drinking-water 
supply, and.washery water in times of low water. 
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(i) Pumping plants. 
(3) Drainage tunnels. 


some of the remedies suggested have been and are being applied suc- 
cessfully in the region. . 


An example of efficient use of a flume is the installation of 5 500 
feet of 7-foot creo wood flume by a large company in the Norther field. 
During the first 6 months of 1939 before this flume was built, 3,624,135,000 
gallons of water was punmed at the shafts involved, the rainfall during 

this period having been 15.71 inches. Turing the first 6 moaths of 1940, 
after erection of the flume, 3,202,962,000 gallons was pumped, and the 
rainfall curing this period was 19.91 inches. This shows a pumping decrease 
of 421,167,000 gallons (11.62 percent), while the rainfall during the com 
parative period increased 4.20 inches (06, 72 vercent). 


There are numerous Crainage tunnels in the region, the outstanding one 
being the Jeddo tunnels previously mentioned, which are situated in the 
Eastern Middle field. 


HOW CAN THE FROBLEM SH SOLVED? 


The answer to the question “How can the problem be solved?" is of 
paramount interest to the industry and is intended to arrest the progressive 
destruction of colliery operations, thereby saving and extending the 
anthracite resources, on thich depends directly the community life of more 
than 1-1/4 million inhabitants and which contributes greatly to the national 
income and well-being. More than 10 percent of the State's and 1 percent 
of the Nation's nopulation reside in the anthracite region. 


It has been stated that because of the magnitude of the problem its 
solution by the mining indu stry unaided is beyond the resources of the 
operators. 


Coal, oil, natural gas, and water power are the principal sources from 
which we obtain the energy essential to our industrial civilization. In 
recent years the conservation of these great natural resources, their 
orderly development, their aveilability for the national defense in case of 
need, and the preservation in economic health of the industries that make 
them available have become matters of national concern. 


In its repent’! on Energy Resources and National Policy the Energy 
Resources Committee statess 


8] Report of the Energy Resources Committee to the National Resources 


Committee, Energy Resources and National Policy: January 1939, 435 pp. 
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Current evidence points to greater reliance on coal than on 
any other source of energy. Except for a brief interlude, coal 
may continue in the future, as it has in the past, to be more 
important than all the other sources of energy combined. This 
prospective dependence of our civilization on coal should lead. 
us to consider what problems will arise concerning our coal 
reserves long before complete exhaustion is threatened. 


The anthracite region is face to fece with a problem that takes. proce ae 
in this direction. 


There are certain ree that must be considered in granting public 
assistance: 


Ls The question of eligibility must be settled ‘by the determination 
of public benefit. . 


2. The project must have a sponsor. 


| 3. A conclusive argament must be developed fully to prove legally 
that such a project is of indisputable public benefit. 


There is no question that the anthracite industry plays a very in-~ 
portant part in our national welfare, but for reasons previously stated 
the attention of the poner: public ha s not been focused on its economic 
dilemm.,. 


The total coal reserves of the Nation are enormous, but the ,tonnage 
of high-rank coal in the ground is decidedly small, Anthracit con- 
stitutes only about one-half of 1 percent of the total tonnage of our 
national coal reserves, dituminous coals a little more than two-fifths, 
and the much less desiravle sudbdituminous coals and lignites the remainder. 
The last are in the western half of the United States. We are exhausting 
the high-rank beds of coal and working down. Furthermore, up to January l, 
1937, 29-5 percent of the anthracite had been mined or lost. 


Anyone who has lived in the anthracite region for the past 25 years 
knows what happens when the tonnage produced a drops from 100 to 50 
‘Million tons. 


An extensive investigation is not required to ascertain that unless 
the water problem is solved the expectancy of life of the industry, if it 
is to continue profitable at its present capacity, is by no means a matter 
of centuries, but a mtter of decades and even years in many instances. . 
A feasible and practical solution of this problem can extend the life of 
the region to at least twice its present outlook. 


9) See reference &. 
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The matter of income from this industry concerns the community, the 

State, and the Nation. The 50 million tons of anthracite now produced 

anmua lly have a value at the breaker of nearly $200,000,000. More than 
100,000 men are employed directly in the mines, and more.than one and one- 
| quarter million people in the region cevend directly or indirectly on this 

industry. Virtually 9G nercent of the anthracite tonnage is handled by 
nine railroads, which depend more or less on this traffic for a substantial 
portion of their business. Considering the vested interests that serve the 
community through business, and all that enters into homes that have value 
only if the tenart can earn a living, the economic picture becomes one of 
billions of national wealth. Furthermore an abandoned mine filled with 
water, for whatever reason, menaces the lives of all workmen employed in 
adjacent workings. 


GOVERNMENT T PARTICIPATION IN PROBLEM 


The interest of the Federal Government in the water problem is based 
as much upon human.values as it is upon the economics of the industry. 


‘No later than February 15, 1937, President Roosevelt sent a message to 
Congress transmitting a repor ti of mergy resources of the United States 
by the National Resources Committee, in which he stated in parts 


This report represents the joint effort of many specialists 
both within and outside of the Federal Government. It suggests 
policies, investigations, and legislation necessary to carry 
forward a broad national program for the prudent utilization and. 
conservation of the Nation's energy resourceSse 


In a summary of our energy resources and national policy the National 
Resources Committeell/ statess 


With respect to the anthracite industry, it is to be noted 
that measures designed to deal with the economic and human 
distress in that industry in Penrsylvania have recently been 
proposed by a special State investigeting commission. Without 
‘in ary way passing judgment on those proposals, we make no 
recommendations here concerning euthracite in the belief that 
the Commonwealth of Pennsylvania shculd first exhaust its own 
remedies. If it firelly becomes evidert that the Commonwealth 
cannot cope with the anthracite problem, then it my become 
necessery to extend the jurisdiction of am appropriate Federal 
agency to that industry. 


10/ Energy @esources Comittee, Mnergy Resources and National Policy: 
Rept. to National Resources Committee, January 1939, De Til. 
1l/ Work cited in footnote 10, pp. 33 and 119, 


8182 | ea JO ves 


Google 


I.C. 7175 


In the event of failure of the State to act, the need for 
conservation of anthracite indicates that the Federal Govern- 
ment should assume responsibility. | 


Meny in the anthracite region believe that any solution of the water 
problem can and should be handled through a series of W.P.A. projects in 
the various political subdivisions involved and under the engineering 
supervision of the proper State departments. 


During the past year about 30 W.P.A. projects bearing on the water 
problem in three counties haye come to the attcntion of the author cither 
as proposals or projected proposals that would involve an expenditure of 
more than 30 million dollars. In these proposals it is emphasized that 
such projects wuld utilize unemployed labor in the various boroughs of 
the anthracite region on work which, in turn, would ultimtcly react to |. 
decrease unemployment. The outstanding request in these proposals is for 
assistance in an engincering and costefinding survey of tho water problen. 


During the past year the author became interested in the water problem 
as a representative of the Federal Bureau of Mines on the Delaware Drainage 
Basin and Susquehanna Drainage Basin Committees of the National Resources 
Planning Board. The State of Pennsylvania is represented on these com- 
mittees by those who are advised of the anthracite water problem, including 
Charles E. Ryder, chief ergineer of the Pennsylvania Water and Resources 
Boarde 


One of the functions of the Drainage Basin Committee is to assist 
in planning a sound program of public works. This committee's views are 
advisory only and are given to the National Pesources Planning Board for 
its guidance in reviewing public works programs that come within the scope 
of the committeets work. 


At the request of the chairman and water consultant of the Drainage 
Basin Committee the author investigated the status of tne water provlem 
during the past year. This investigation consisted essentially of con- 
ferences with operators throughout the region. The outstanding picture 
derived from this investigation was the tremendous amount of engineering 
effort that has been expended at consideraole expense by the industry it- 
self, vtoth from its own desire and at the request of the State Devartment 
of Mines, to find a solution through its ow efforts and the medium of 
assistance from the Government. On July 28, 1938, work was begun by the 
State Department of Mines, which mde comprehensive maps of the region 
showing all streams and surface contours, principal mines, ownership of 
lands traversed by streams, approximte nuwnber of miles of streams in the 
various coal fields, and numter and size of streams that will require 
relocating. 


In an effort to determine what could be done to help the anthracite~ 
mining region in its water problem, a meeting was held by the Susquehanna 
Drainage Basin Committee at Harrisburg, Pa., on July 12, 1940, which was’ 
attended by J. F. K. Brown, H. H. Otto, E. B. Snyder, and W. C. Muehlhof, 
mining engineers representing the four fields of the region, who presented 
the problem from the vractical standpoint of the mine operators. 
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All conferences indicated that the exact solution of the water problem 
ts not readily apparent, and all evidence points to the need for the co- 
ordinated efforts of public and private and State and Federal agencies in 
an investigation of the water vroblem for the region as a :hole. A sound 
enzineering approach and solution are imperative. There is enough merit 
in the endeavor to invite anc obtain aid to carry out projects that in 
themselves can waste millions of dollars and not do anything of lasting 
value. 


In presenting the preblem to the Susquchanna Drainege Basin Committee 
the mining-engineer representatives of the cnthracite-mining companies 
and the author suggested that an investigational project covering 1 year 
end costing $300,000 was needei for a complete engineering stucy. 


The following resolution was passed by the Susquehanna Drainage Basin | 
Cormittee relative to the water probiems: 


It is resolved that the Susquehanna Drainage Basin Com- 
mittee approve a preliminary examination to determine the 
advisaoility of making a study of mine drainages in the an- 
thracite region and endeavor to recommend a type of organ- 
ization to make that study and 2 sponsor therefor. 


On agresment of the committee, the following subcommittee 
was appointed by the chairman to study the problem: Charles &. 
Ryder, chief enzginecr of the Pennsylvania Water and Power 
Resources Board, Chairman; F, A. Pitkin, executive director 
of the Pennsylvania State Planning Foard; J. P. Walsh, Secretary 
of Mines, Penns;lvania; S. 43. Ash, district engineer, Federal 
Sureau of Mines; and 4. L. Shirley, director, Allegheny Forest 
Syperiment Station. 


It appears that the interest and action of the Federal Drainage Basin 
Committees offer an approach to a solution of the water problem, if the 
incustry decides it is desirable and provides a strong regional committee 
representing the industry te assist the subcommittee in deciding on a 
valid plan for a project thet will lcad to a sound engineering study and 
report, outline the problem, suggest projects that can be approved and 
carried to comletion, ond be within the economic resources of the industry. 
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